Permanent magnet flowmeters are used to measure flow in sodium cooled power plants both in the core and in plant piping. In this paper the cross-correlation technique and in particular the transfer function method is used to process the flow turbulence signals from electrodes spaced along the pipe in the vicinity of the magnetic field. Results from a loop flowmeter the EBR-II secondary flowmeter and a 400 mm diameter f lowmeter will be presented.
Introduction
The permanent magnet sodium flowmeter is a rugged, reliable instrument for use in sodium cooled nuclear power plants, both in the core as well as in plant piping. This paper covers a method of in-place calibration that may be applied while the flowneter is performing its normal function. The calibration of a permanent magnet flowmeter depends directly on its magnetic field strength which can drift with time and temperature. 1,2 The cross-correlation technique involves determining the cross-correlation function of signal variations caused by flow turbulence from two sets of electrodes spaced along the flow channel of permanent magnet flowmeters. These electrode sets may include the ones normally used to obtain the flow signal. The relationship and causality respectively and both are implied in the word correlation.
The initial approach to the problem was to find the cross-correlation of the two signals obtained.
Mathematically, the cross-correlation of two signals y(t) and x(t) over a period of time, T, is given by : _T
where R (T) is simply the averaged product of y(t) delayed with respect to x(t). When the value of R (T)
is high f or some delay T, it can be said that x andy are similar, in some sense, at this delay value. The problem with this type of analysis lies in the interpretation of the given value of the crosscorrelation function R (T). The use of the normalized cross-correlation funcRon, for some particular cases, makes the interpretation easier. The normalized crosscorrelation function is given by:
where Rx (o) and R (o) are the auto-correlation functions for x(t)Yxnd y(t) for zero delay respectively.
In the special case where the value of p (T) is equal to + 1, it can be said that the correlatyon is clear and we can interpret the delay as the true one, which indicates that the transmission path, as shown in Fig. 1 is lossless and there is no noise contamination. However, physical situations like the one under consideration do not exhibit the above ideal characteristics. Usually transmission path losses exist and noise contamination is present. These considerations will yield a normalized cross-correlation somewhere between zero and one. The measuring of such a result is difficult to interpret, because two situations can occur: either the transmission path has a gain less than unity or the contaminating noise has reduced the degree of causality between signals x(t) and y(t).
This distinction between the two cases is not clear and therefore some other method of obtaining the crosscorrelation function must be implemented.
Consider the two time varying signals x(t) and y(t) received at two points along the flow channel of a permanent magnet flowmeter Fig. 2 . The portion of the channel between these two signals can be characterized as a system with input x(t) and output y(t), (4) 0018-9499/78/0200-0278 $00.75 
where G x (w), G (w), G (w) are the power spectra of the input, outpWa and tKe cross-power spectra of input-output respectively, and where * indicates the conjugate of the quantity. The output is related to the input through the following relationship where R (T) is the auto-correlation function of x(t) and R T) is the cross-correlation function of x(t) and y ). The above equation was obtained by making use of the fact that correlation and power spectra form a transform pair and that multiplication in the frequency domain implies convolution in the time domain. Equation (13) will yield the desired crosscorrelation function.
Experiment The experimental set-up at the sodium flowmeter is shown in Fig. 2 . It consists of a permanent magnet flowmeter, four electrodes, differential amplifier for noise cancellation and signal amplitude enhancement, filters, a magnetic tape recorder and an oscilloscope to monitor the input and recorded signals. The operating temperatures for the various tests were in the range between 400°F and 800°F. The differential amplifier was used to amplify the time varying component of the flow signal. This signal is proportional to the flow, i.e., the signal level is higher when the flow is high and lower when the flow is low. In the output signal, a 60 Hz component, due mainly to peripheral instrumentation, is present. this component is eliminated by using a low pass filter with a cutoff set at 20 Hz. Both the input and output of the filter is monitored on the scope for examination purposes. The output of the filters is recorded on the tape recorder.
The permanent magnet establishes the magnetic field. The sodium flow acts as a conductor cutting the magnetic field lines creating an emf. This emf is the signal picked up by a set of electrodes which are attached to opposite sides of the flow pipe. The signal is composed of a dc component plus an ac component caused by flow turbulence. The output signal from the filter is random in nature as can be seen from typical output signals, Fig. 3 , and has a peak to peak value (referred back to the electrodes) ranging from 1% of the dc component for small flowmeters to 10% for the largest.
Y(t) = h(t) A x(t) + n(t) (9)
where A indicates convolution, h(t) is the impulse response of the system and n(t) is the additive uncorrelated noise. In the frequency domain Eq, (9) 
